While academic and practitioner literature has advocated the use of real options in firms' longterm investment appraisal processes, few studies have examined the extent to which real options are incorporated into decisions when they are available for decision-making. Using two experiments, we examine supervising managers' reliance on real options values in their decisions about funding for subordinates' long-term investment project proposals. We predict and find with Experiment 1 that when making funding decisions, supervising managers rely less on the value of real options than on the value of a project's planned implementation path. We predict and find with Experiment 2 that, holding information constant, a simple accounting change influences supervisors' reliance on real options values in their funding decisions: they rely more on the real options components of project value when the amount is aggregated with (rather than displayed separately from) the value of the projects' planned implementation paths in a financial summary of subordinates' proposals. We provide evidence of the process underlying how the financial summary affects funding decisions -specifically, it does so by influencing perceptions of the relative accuracy of the planned path and real options components of value. Results for both experiments hold after controlling for participants' knowledge of discounted cash flow and real options valuation and perceptions of risk in subordinates' projects.
Introduction
The most popular, widespread methods of evaluating long-term investment decisions are internal rate of return and net present value analysis (Graham and Harvey 2001) . However, these methods only consider the value of a project if it unfolds as initially planned, and do not consider the value inherent in the choices available to management as the project progresses and new information becomes available, such as the option to expand or contract the scope of a project, or to abandon it altogether. For decades, academic literature and the business press have advised managers to incorporate the value of these choices, or real options, into the analysis of whether to fund long-term investment projects, claiming that doing so results in decisions superior to those made based on the value of the project's planned implementation path alone (Copeland and Antikarov 2001; Coy 1999; Myers 1977; Ross 1995; Teach 2003; Trigeorgis 1996, 7-9; see Denison 2009 for one empirical test of this claim). However, most firms in practice do not explicitly incorporate real options into their evaluations of long-term projects, even though the complexity of calculating real options values has declined (Busby and Pitts 1997; Fichman, Keil, and Tiwana 2005; Graham and Harvey 2001; Ryan and Ryan 2002; Teach 2003) .
Although prior literature has recommended incorporating the value of real options into longterm investment analyses, it has not empirically examined how the value of real options affects judgments of project value. Prior literature on real options mostly focuses on the ability to implicitly recognize the value of real options when that value is not quantified (Benaroch, Lichtenstein, and Robinson 2006; Busby and Pitts 19997; Howell and Jagle 1997; Lankton and Luft 2008; Miller and Shapira 2004; Tiwana, Keil, and Fichman 2006; Tiwana et al. 2007; Yavas and Sirmans 2005) , or on how calculating the value of real options can affect judgments (Denison 2009 ). This literature has largely ignored the fact that the inclusion of explicitly quantified real options in long-term investment analyses is only effective if supervising managers are able to incorporate the values into funding decisions for those investments. We address this oversight in academic research by examining supervising managers' reactions to real options values when they are explicitly quantified and available for decision-making. In our setting, supervising managers examine proposals for long-term investments developed by subordinates that include the value of the investments' real options, and decide how to allocate firm funds across the projects (for descriptions of investment appraisal processes see Haka 2007, 705-708; Mintzberg 1994, 122-126) .
This study addresses whether those supervising managers will rely as heavily on the real options component of project value as on the planned path component of project value in making those decisions. We predict that supervising managers will rely less on the real options component of project value than the planned path component, despite the fact that the value of the real options component is economically comparable, dollar for dollar, to the value of the planned path. We make this prediction for two reasons: we expect that managers will have greater knowledge of planned path valuation than real options valuation, and that managers will perceive planned path values to be more accurate than real options values.
To address this research question, we conducted an experiment in which participants playing the role of supervisors evaluated whether to fund long-term investment projects using project proposals prepared by subordinates. The subordinates' project proposals included discounted cash flow (DCF) values for the planned path and real options components of value, the total DCF value, and two non-cash flow measures. We find, as predicted, that participants place less weight on the real options component of value than on the planned path component. We also find that they weight the components differently, at least in part, because they perceive real options values to be less accurate than planned path values.
Guided by findings in our initial experiment, we next consider whether the display of longterm investment proposals can influence supervisors' reliance on real options values. In practice, firms can choose a display that either aggregates or disaggregates planned path and real options values in subordinate reports to supervisors (see, e.g., formats in Amram, Li, and Perkins 2006 , Jeffery 2006 versus Arnold and Shockley 2001 , Bowman and Moskowitz 2001 . We predict that when the two components of project value are displayed in an aggregated fashion, supervisors will perceive them as similar in nature, and as a result will weight the two components more similarly than when they are displayed in a disaggregated fashion.
To address this second research question, we conducted an experiment in which participants, again playing the role of supervisors, decided how much of a firm's total long-term investment budget to allocate to each of two subordinate-proposed projects. The projects had identical total DCF values, but real options comprised a greater proportion of the total value of one division's project than of the other. The planned path and real options components of value were readily available to all participants in the projects' descriptions, but we manipulated whether a tabular summary shown below the descriptions displayed only the total DCF value of the projects (aggregated) or displayed both the real options and planned path components of the projects (disaggregated). Consistent with our prediction, we find that participants who viewed the aggregated financial summary weight the real options and planned path components of value more similarly than do those who viewed the disaggregated summary, although the tendency to rely less on real options than planned path values persists. We also find evidence that the aggregation of project value affects participants' perception of the relative accuracy of the real options component versus the planned path component of value.
Our study contributes to the real options literature, the accounting literature, and management practice. Prior literature on real options has argued for including the value of real options when analyzing long-term investments, but has focused on the role of subordinates implicitly or explicitly deriving the value of real options while preparing their proposals (Benaroch et al. 2006; Busby and Pitts 1997; Denison 2009; Howell and Jagle 1997; Lankton and Luft 2008; Miller and Shapira 2004; Tiwana et al. 2006 Tiwana et al. , 2007 Yavas and Sirmans 2005) . The literature has not examined the effect of real options values on supervisors' judgments and decisions whether to accept or fund projects. We provide the first evidence of the extent to which supervisors incorporate real options values into their decisions about funding for subordinates' projects when the real options values are explicitly provided.
Our study also extends prior accounting literature on aggregating information. First, we provide evidence on the process through which aggregating accounting information affects perceptions of the properties of that information. Second, most prior literature on information aggregation considers settings in which there are natural information differences across aggregated and disaggregated reports (e.g., Abdel-Khalik 1973; Arya, Glover, and Liang 2004; Benbasat and Dexter 1979; Berger and Hann 2003; Chervany and Dickson 1974; Datar and Gupta 1994; Gigler and Hemmer 2002; Hayes and Lundholm 1996; Hirst, Koonce, and Venkataraman 2007; Schwartz et al. 2009; Swink and Speier 1999) 1 . In contrast, in our setting, information is held constant across our aggregated and disaggregated conditions, which allows us to unambiguously examine how aggregation affects perceptions of the characteristics of accounting information itself.
Our study also has implications for management practice by providing useful insights to firms that use or are considering adopting real options valuation techniques. Our finding that supervising managers tend to place less weight on the real options component than the planned path component of value will help such firms better understand whether and how real options affect managerial judgments and decisions. Although the tendency to rely less on real options than planned path value is quite robust, we also demonstrate that a simple, low-cost reporting change in the investment appraisal process can influence this reliance.
The remainder of this paper is organized as follows. Section 2 provides background on investment appraisal processes and real options valuation, and develops our first hypothesis. We discuss our research design and results for Experiment 1 in Sections 3 and 4. Section 5 develops our second hypothesis, and we discuss our research design and results for Experiment 2 in Sections 6 and 7. We summarize and conclude in Section 8.
Background and hypothesis development for the first research question

Investment appraisal processes
In many decentralized firms, principals delegate decision rights regarding the identification of long-term investment opportunities to agents, since agents typically have more knowledge of local capabilities and opportunities. This delegation creates a need for a firm-wide investment appraisal process that motivates agents to search for, propose, and implement long-term investment projects that will be consistent with the principals' goals (Haka 2007, 699) . Early research documented the stages of such an appraisal process (see Haka 2007, 705-708) . In this study, we focus on what has been called the "evaluation" or "approval" stage. 2 Project evaluation and approval could be considered one or two stages of the overall appraisal process. On the one hand, one could consider project evaluation as the stage in which a supervising manager assesses project proposals submitted by subordinates, and approval as the stage in which the manager makes the decision as to which of those projects will be funded and to what extent. On the other hand, one could consider evaluation and approval as two In our setting, the long-term investment project initial stage is complete -subordinates (for example, division heads in a decentralized organization) have identified potential long-term investment projects their divisions could undertake, analyzed the costs and benefits of each using real options valuation, and, for those projects deemed appropriate to pursue, prepared summarylevel project proposals and submitted those proposals to a supervising manager for approval (for example, a corporate executive responsible for the firm-wide allocation of long-term investment capital). In practice, such project proposals are often prepared using a pre-specified format to enhance comparability across projects submitted by multiple subordinates, and include, amongst 
Real options in long-term investment projects
Real options exist in a long-term investment project whenever management has the choice to change how the project will proceed once it is underway. When real options (such as the option to expand, change, or abandon the project) can be identified before the project is undertaken, their values can be quantified and incorporated into the overall value of the project in the initiation stage of the appraisal process. In such cases, the overall value of the project can be steps, both of which are conducted by the supervising manager, that comprise one stage of the appraisal process. We take the latter perspective: we focus on both project evaluation (which may or may not be observable) and approval (which is observable), and call both steps the project approval stage. separated into two DCF components: the value of the project's planned implementation path, and the value of the real options (Barnett 2005; Copeland 2001; Trigeorgis 1993 Trigeorgis , 1996 Van Putten and MacMillan 2004) . The value of the planned path component is essentially the expected net present value of the project if events unfold as initially planned, while the value of the real options component is the expected net present value of management's ability to change the planned path as the project progresses (Trigeorgis 1993) . Because management will only exercise a real option if its expected outcome is higher than the planned path outcome, real options always add value to a project. Therefore, the value of a project including its real options will always be higher than its value considering the planned path alone (Barnett 2005; Copeland 2001; Trigeorgis 1996, 124; Van Putten and MacMillan 2004) .
Since the concept of real options was introduced, researchers have advocated that their value should be recognized in subordinates' long-term investment proposals at the initiation stage, and that supervising managers incorporate their value into their decisions at the project approval stage (Dixit and Pindyck 1994; Myers 1977; Trigeorgis 1993) . Proponents of real options claim that considering real options value can result in superior investment decisions (Copeland and Antikarov 2001; Coy 1999; Ross 1995; Teach 2003) . However, survey research indicates that only nine percent of firms explicitly incorporate real options into the long-term investment appraisal process, and about 65 percent of firms do not consider real options at all (Graham and Harvey 2001; Ryan and Ryan 2002) .
One possible reason why real options analysis is not more widely used is that it is more complex than traditional DCF methods, involving more subjective estimates and more complex mathematics than are needed to calculate the value of the planned path alone (Brealey, Myers, and Allen 2008; Busby and Pitts 1997; Fink 2001; Lander and Pinches 1998 Lander and Pinches (1998) for a summary. Some firms may view the complexity of some of these methods as a barrier to adopting real options analysis (Teach 2003 ).
In addition, many managers simply are not familiar with real options analysis, as it is relatively new, not widely used, and not widely taught (Stout et al. 2008 ).
Many managers who do consider real options in long-term investment projects do so only intuitively. A number of studies have addressed whether and how well managers intuitively perceive the value of real options and incorporate them into their decisions. In surveys of actual managers, Benaroch, Lichtenstein, and Robinson (2006) and Busby and Pitts (1997) found that managers' intuition is generally consistent with real options logic, although these studies did not compare perceived and calculated real options values. Yavas and Sirmans (2005) find in an experimental auction setting that individual investors do not behave as though they recognize the value of real options, although competition can correct this tendency. A number of studies have conducted experiments in which participants' perceptions of real options value are compared to calculated real options values (Howell and Jagle 1997; Lankton and Luft 2008; Miller and Shapira 2004; Tiwana et al. 2006 Tiwana et al. , 2007 . These studies find, in general, that judgments about real options value are often systematically biased in ways that are consistent with behavioral decision theory, and that the amount and direction of real options misvaluation depends on the type and size of the real options under consideration.
As these studies demonstrate, the subjective value ascribed to real options often departs from their economic value. Thus, some researchers suggest that investment appraisal decisions could be improved if those who initiate long-term investment proposals explicitly quantify the value of real options (Benaroch et al. 2006) . However, the efficacy of this suggestion will depend on the way in which quantified real options values are perceived and used in practice. To date, we are not aware of any studies that have examined how supervisors, whose job it is to approve and fund projects, perceive and use the value of real options when they are explicitly included in subordinates' long-term investment proposals.
Incorporating real options into project approval decisions
We argue that when supervising managers are provided with explicitly quantified real options values, they will rely less on the real options component of project value than on the planned path component.
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There are at least two reasons this may be the case. First, managers may have more knowledge of traditional DCF methods than real options methods, and thus may rely more on amounts computed using the tool with which they are more familiar (Coy 1999; Lander and Pinches 1998; Luehrman 1998; Ross 1995; Teach 2003; Triantis 2005) . Second, because real options valuation is more complex and involves more subjective estimates than planned path valuation, supervising managers may recognize the additional difficulties subordinates face when computing real options value, and perceive it to be less accurate than the planned path value. This perception could lead them to rely less on the real options component of project value than on the planned path component. 
Experiment 1: Research design
Participants
We conducted an experiment to test Hypothesis 1. Forty undergraduate students and 30 MBA and Masters of Finance or Accounting students participated. Undergraduate participants received extra credit in the course from which they were recruited, and graduate participants received $20 cash for their participation.
Our participant pool is representative of the population of interest (see Table 1 for descriptive information). The experimental task required a basic understanding of long-term investments in a business setting. On average, participants had taken 2.6 accounting, 1.9 finance, 2.9 economics, and 1.7 statistics courses at the university level. Twenty-six percent of participants had a mean of 22.5 months of full-time work experience.
[Insert Table 1 about here]
We recruited both undergraduate and graduate participants who were likely to differ in their expertise in investment valuation techniques so the participant pool would be representative of managers, who come from various backgrounds and who likewise have differing levels of expertise in long-term investment evaluation (Triantis 2005) . Managers also generally have greater knowledge of traditional discounted cash flow than real options valuation techniques (Coy 1999; Lander and Pinches 1998; Luehrman 1998; Ross 1995; Teach 2003; Triantis 2005) .
Similarly, of our participants, 100% (14%) had studied traditional DCF (real options) valuation in their coursework, and 61% (0%) of those with work experience had used DCF (real options) valuation in their jobs.
Independent and dependent variables
Experiment 1 is a 20 x 2 mixed-design experiment. Within-subjects, participants reviewed information about 20 hypothetical proposed investment projects submitted by division heads within their firm. Each proposal included the division name, a description of the project, the value of the project computed using real options valuation, and two non-financial measures: a Consumer Reports rating of the product prototype and an HHI rating of the level of competition in the product's market. 4 The value of each project was broken down into planned path and real options components, which were reported along with total project value. See Exhibit 1 for a sample project proposal.
[Insert Exhibit 1 about here]
Participants indicated how much funding they wished to provide to each of the 20 projects using a scale of 1 to 100, where higher values indicate greater funding. We used these ratings as our dependent variable. We asked participants to rate the projects rather than allocate funding dollars across them to simplify both the task and our analysis.
Between-subjects, we varied the proportion of total project value comprised of real options (High/LowROProp) at two levels: Low (real options is less than one-third of project value for all proposals) and High (real options is more than two-thirds of project value for all proposals).
Proposals in both conditions were identical, except that the values of the real options and planned path components were reversed. For example, the total value of one project was $13,700,000. In the Low condition, the planned path component value was $10,700,000 and the real options value was $3,000,000. In the High condition, the planned path component was $3,000,000 and the real options value was $10,700,000. This manipulation was intended to control for the possibility that reliance on real options may differ based on their economic significance.
Procedure and background materials
Participants were randomly assigned to conditions. The task was administered using paperand-pencil materials in a series of envelopes. A proctor ensured that participants worked through the materials sequentially and did not return to previously completed parts of the task.
Participants took an average of 35 minutes to complete the task.
Participants were asked to assume the role of a corporate manager in an electronics firm.
They were told that their job was to review proposals for investments in long-term new product development projects submitted by division heads in their firm, and to make decisions about corporate funding for those projects. Participants were then told that their firm required that division heads use real options valuation for long-term investment proposals, and were given a detailed overview of what real options represent, how their value can be calculated using decision trees, and how real options analysis differs from net present value analysis. This extensive overview, in essence, provided training on real options valuation, relating it to traditional DCF techniques with which participants were already knowledgeable, and biases against finding less reliance on real options than planned path values.
Participants were told to assume they had already completed a portion of their reviews and concluded that across the projects, there were no significant differences that would affect their decisions in terms of technology, division resources, the amount of the initial investment on which cash flow estimates were based, or the relationship between changes in that investment and changes in cash flows. Participants were also told to assume that division heads had reasonably estimated amounts used in their analyses and had properly prepared their proposals.
Interspersed throughout these sections of the materials, participants answered four comprehension check questions about real options valuation and the task.
Next, participants made their funding decisions as previously described. Finally, participants answered follow-up questions about their decision processes and the task itself, and provided demographic information.
Experiment 1: Results
Comprehension checks and post-task questions
At least 87 percent of participants answered the four comprehension checks about real options valuation and the experimental task correctly, and there were no differences in the proportion of correct responses across experimental conditions for any question (all χ 2 < 3.13, p > 0.08). If we include only participants who answered all four comprehension check questions correctly, results of hypothesis tests are the same as those reported. Self-reports of effort and task clarity, difficulty, and familiarity are reasonable and are included in Table 1 .
Test of Hypothesis 1
Recall that Hypothesis 1 predicts that when making decisions about subordinates' long-term investment proposals, supervisors will rely more on the planned path component than on the real options component of long-term investment project value. Hypothesis 1 is supported if, across participants' rating decisions, the implicit weight placed on the planned path component of projects' values is higher than the implicit weight placed on the real options component. [Insert Table 2 about here]
Results of the regression are in Results of the expanded regression are shown in Table 3 . We focus our analysis on β 13 through β 16 , the interactions of knowledge differences (KnowDiff) and relative accuracy judgments (RelAccuracy) with the weight assigned to planned path and real options values. The KnowDiff x PPValue interaction (β 13 = 0.18; p = 0.05) and the KnowDiff x ROValue interaction (β 14 , = 0.13; p = 0.11) suggest that knowledge differences do affect the weight assigned to the two values. However, our contention regarding knowledge differences is supported if smaller knowledge differences are associated with greater weight assigned to real options value (i.e., if β 14 is negative), which is not the case.
Our contention regarding accuracy perceptions is supported if larger values of RelAccuracy are associated with greater weight assigned to real options value (i.e., if β 16 is positive). The regression results indicate that participants' perceptions of the relative accuracy of real options does interact with the weight assigned to real options value (β 16 = 0.27; p = 0.07), so our contention is supported.
[Insert Table 3 about total project value than when they are disaggregated.
Judgmental effects of aggregation in accounting
Accounting as a discipline is concerned to a large extent with aggregating and categorizing information (Arya, Fellingham and Schroeder 2000; Ijiri 1975, 109) . This is true for all specialties in accounting, such as when financial accounting aggregates individual transactions and categorizes them into accounts, or management accounting aggregates costs and categorizes them into pools. When information is aggregated, the accountant adds information about the similarity of the underlying pieces of information (Sunder 1997, 89) .
Past research suggests that users of accounting information perceive those similarities and use them in their judgments. Hopkins (1996) found that analysts treated hybrid financial instruments as if they have characteristics similar to equity when they are aggregated with equity securities, and as if they have characteristics similar to debt when they are aggregated with debt securities. Similarly, users perceive components of comprehensive income differently when it is aggregated with equity than when it is disaggregated in a separate statement (Hirst and Hopkins 1998; Maines and McDaniel 2000) , and perceive financial instruments as more or less risky depending on how they are categorized (Koonce, Lipe, and McAnally 2005 ).
These studies demonstrate that when financial accounting information is aggregated and categorized in a particular way, investors and analysts respond as if the aggregated information is similar in nature. That is, users appear to infer that pieces of information that have been combined have similar properties, and this inference affects their judgments. Similarly, we argue that when a subordinate's information about a long-term investment is aggregated into total project value using management accounting methods, supervisors may infer that the pieces of information that have been combined have similar properties which may likewise affect supervisors' judgments.
Aggregated versus disaggregated project summary
We contend that even when planned path and real options values are provided separately in a subordinate's project summary, aggregating the values together in a tabular financial summary of all subordinates' proposals will cause the supervising managers to associate the two pieces of information with each other and perceive their characteristics -specifically accuracy -to be more similar. Therefore, we predict that when the planned path and real options components of project value are aggregated so that the total value of the long-term investment is displayed as a single number, supervising managers will rely more on real options than if the planned path and real options components are displayed separately.
HYPOTHESIS 2. In decisions about funding long-term investment proposals submitted by
subordinates, supervisors will place more similar weight on the real options and planned path components of project value when, in a financial summary of proposals, the components are aggregated together than when the components are disaggregated from each other.
Experiment 2: Research design
Participants
We conducted a second experiment to test Hypothesis 2. An additional 83 undergraduate and 62 MBA and Masters of Finance or Accounting students participated in Experiment 2, and were compensated in the same manner as were participants in Experiment 1. As seen in the descriptive statistics in Table 1 , there are no significant differences in participant demographics across Experiments 1 and 2 (all p > 0.05, two-tailed).
Independent and dependent variables
Experiment 2 is a between-subjects experiment in which the manipulated independent variable, Aggregation, captured whether the planned path and real options components of project value were aggregated (Agg), or disaggregated (Disagg) in a tabular financial summary of the DCF information about two long-term investment proposals. In both conditions, the DCF value of the planned path component and the total DCF value of each project were explicitly included in written project descriptions that appeared on the same page just above the financial summary (see Exhibit 2), so participants could easily ascertain the real options component of value (i.e., the total DCF value less the DCF value of the planned path).
[Insert Exhibit 2 about here]
Each participant evaluated project proposals that had been (hypothetically) submitted by the heads of Divisions A1 and B2, and allocated $10,000,000 in corporate funds between the two projects in whatever proportion they wished, contingent on a minimum of $1,000,000 allocated to each. The total (i.e., planned path plus real options) estimated DCF values were identical for both projects ($12,000,000), but the planned path component of Division A1's project was a higher proportion of total value (91.7 percent, or $11,000,000, for a real options component value of $1,000,000) than was the planned path component of Division B2's project (66.7 percent, or $8,000,000, for a real options component of value of $4,000,000). Because the total DCF values of the two projects were identical, if participants relied on the planned path and real options components equally, they would on average allocate the available $10,000,000 evenly across the projects (i.e., $5,000,000 to each). Therefore, we consider participants' funding decisions to be influenced more by the planned path component of value than the real options component when they allocate more than half of the available funds to Division A1's project. We used the amount allocated to Division A1's project as our dependent variable (DivA1Alloc).
Procedure
Experiment 2 was administered following the same procedures as used in Experiment 1. In addition, participants received information about their role, their task, real options analysis, and assumptions they were to make about their pre-decision reviews as in Experiment 1, and answered four comprehension check questions as in Experiment 1. However, unlike in Experiment 1, participants were told to assume that historically, division heads had always chosen to follow the planned implementation paths of their projects. This design choice simulates the existence of organizational or behavioral constraints that discourage the exercise of real options which frequently exist in the natural environment (see Adner and Levinthal 2004; Busby and Pitts 1997; Fink 2001; Jensen 1993; McGrath 1999; Staw 1997; Triantis 2005 ) and increases the likelihood of replicating the findings of Experiment 1 in a more limited experimental setting. Importantly, this design choice does not bias either for or against finding results for Hypothesis 2. Participants were then given descriptive information about the projects proposed by Division A1 and Division B2: either a new MP3 player or a new digital video recorder (DVR) (see Exhibit 2).
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As noted previously, the descriptions explicitly stated the planned path and total project values, so based on the descriptions alone, participants could easily compute the value of the real options. Directly below the descriptions of the projects and on the same page, participants viewed a financial summary of the two projects (the Aggregation manipulation).
Half of the participants viewed a financial summary that aggregated the planned path and real options components of value, displaying only the $12,000,000 total value of each project; the 7 In a different experiment (not reported) that shares characteristics of Experiment 2, participants were told that division heads had sometimes followed and sometimes deviated from the planned implementation path. Results showed that participants relied more on planned path than real options values in their decisions. Thus, the finding that supervisors rely less on real options values relative to planned path values may be robust to providing variants about subordinates' historical real options exercise choices or no historical information whatsoever (as in Experiment 1). 8 The division that proposed each project was counterbalanced within each condition. In other words, within a given experimental condition, half the participants were told that Division A1's product was the MP3 player and Division B2's project was the DVR, and the other half were told that Division A1's product was the DVR and Division B2's product was the MP3 player.
remaining half viewed a financial summary that reported the planned path and real options components of value separately (see Exhibit 2). Participants then made their allocation decision and answered post-task questions.
Experiment 2: Results
Comprehension checks and post-task questions
At least 92 percent of participants answered the four comprehension check questions correctly, and there were no differences in the proportion of correct responses across experimental conditions for any question (all χ 2 < 2.03, p > 0.15). If we include only participants who answered all four comprehension check questions correctly, results of hypothesis tests are the same as those reported.
Replication of Hypothesis 1
As a precondition for testing whether display mitigates the tendency of supervisors to rely less on the real options component than the planned path component of project value, we must first determine whether that tendency (predicted by Hypothesis 1) exists in Experiment 2. confirms that the amount allocated to Division A1's project is significantly lower when the planned path and real options components of value are aggregated than when they are disaggregated (F = 2.84, p = 0.05, one-tailed; Table 4 , panel C).
Thus, Hypothesis 2 is supported. Note that for participants who received an aggregated financial summary, the $5,716,301 allocated to Division A1's project is still significantly greater than provided with information about subordinates' past real options exercise and the probabilities of the perfection of new technologies in Experiment 2 but not Experiment 1, we examine whether these design changes affected participants' reliance on real options in Experiment 2. In a post-task question, participants reported their perceptions of the chance that division heads would exercise real options using a Likert scale from 0 (Division heads were extremely likely to choose to follow the planned implementation path) to 10 (Division heads were extremely likely to choose to deviate from the planned implementation path). In addition, participants allocated 100 points across factors that influenced their allocation decisions, of which two factors were information about division heads' prior real options exercise and chances that new technologies would be perfected. When the Likert scale response and the two point allocations are included in the ANOVA previously described, DivA1Alloc is not associated with any of these measures or the controls (all F < 1.50, all p > 0.16), providing evidence that participants do not rely less on the real options component of value simply because they believe exercise is a low-probability event.
10 Risk is the sum of participant responses to the following two questions on a scale from 0 (A1 Division's proposed project is riskier) to 10 (B2 Division's proposed project is riskier): "Indicate which project you believe is riskier, where risk is defined as (i) having a high variance in possible future net cash flows from the project; and (ii) having a loss as a possible outcome of the project." $5,000,000, or half the available funds (one-sample t-test, t = 2.62, p < 0.01, two-tailed, not tabulated); thus, greater reliance on planned path than real options values persists.
Evidence of the process underlying reliance on real options
Exhibit 3 illustrates the judgment process we have proposed: that aggregation affects the perceived relative accuracy of real options, which in turn affects the weight assigned to real options in long-term investment allocation decisions, which is reflected in funding decisions.
[Insert Exhibit 3 about here]
In Experiment 2 we collected the following additional data to support this process. First, as We use the above measures to conduct analyses of the relationships illustrated in Exhibit 3.
First, we examine whether participants assigned greater weight to the real options component of value relative to the planned path component as the perceived relative accuracy of the real 11 The factors used were as follows: differences in the planned path values, differences in the real options values, differences in the percentage of the total values from real options, differences in the total values, information about what paths funded projects have followed in the past, differences in the type of product, differences in the divisions, differences in the risk/uncertainty in the projects, differences in the chance new technologies would be perfected, and other (with space provided for a description).
options component increased. This is the case if WeightDiff is negatively associated with
RelAccuracy. For our analysis, we estimate the following regression equation (which includes the same control variables used in previous analyses):
As expected, results (Table 5, [Insert Table 5 
As expected, results (Table 5, Third, to extend our investigation to Hypothesis 2, we consider whether aggregating or disaggregating the planned path and real options components of value in a financial summary affects participants' judgments of the relative accuracy of these components of value. We reason that supervising managers will judge the accuracy of the real options component to be more Thus, our reasoning regarding the process underlying our results extends to Hypothesis 2.
[Insert Table 6 about here]
In summary, we find evidence of the relationships illustrated in Exhibit 3: (1) 
Discussion and conclusion
This study investigates the extent to which supervising managers' long-term investment funding decisions are influenced by the real options component of project value when that value is explicitly available for decision-making. In Experiment 1, we find evidence that supervising managers rely more on the planned path component than on the real options component of project value, and find evidence that this could be due to their perception that the planned path component of value is more accurate than the real options component of value. This finding leads us to conduct Experiment 2, in which we confirm the findings of Experiment 1 and also find that the extent to which supervising managers rely on the real options component of value in their funding decisions can be influenced by aggregating or disaggregating the components of project value in a financial summary of subordinates' long-term investment proposals, as the report format influences perceptions of the relative accuracy of the planned path and real options components of project value. This section discusses these results and their implications, acknowledges some limitations of the study and suggests future research, and concludes. investment appraisal process. Although our study makes no claims regarding the optimal level of reliance on real options value, the existing literature assumes that real options value is comparable, dollar for dollar, to planned path value. Our study suggests that users may not perceive this to be the case.
Discussion and implications of results
Findings related to real options
Findings related to information aggregation
Our finding that the display of information as either aggregated or disaggregated affects the way supervisors perceive and weight real options values in their judgments contributes to the accounting literature on aggregation. Prior literature has shown that categorizing information can affect user perceptions of the riskiness of the underlying asset (Koonce et al. 2005) . Our study expands upon these findings by demonstrating that aggregating information can affect perceptions about the information itself, as well as the object of that information; namely, we show that aggregation can affect user perceptions of the accuracy of the information provided.
In addition, our study isolates the effect of aggregation from the effect of providing different information, as we hold the amount of information constant across aggregated and disaggregated conditions. In our setting, all participants have the same information about the project under consideration; the aggregation manipulation occurs as part of a summary of information already provided in full. This contrasts with prior literature on information aggregation in which there are natural information differences across aggregated and disaggregated reports (e.g., Abdel- 
Implications for managerial practice
The results of our study offer insights into a simple, low-cost accounting mechanismaggregating or disaggregating the planned path and real options components of project valuethat firms could use to influence supervising managers' incorporation of real options into their long-term investment funding decisions. Our finding that supervising managers place more weight on the real options component of project value when that value is aggregated with the planned path component of value in a financial summary of the project could be useful to firms that use real options, regardless of whether they wish to encourage or discourage reliance on the real options component of value.
Limitations and future research opportunities
Our work has several limitations that provide opportunities for further research. First, although we selected a setting that is consisted with evaluation settings commonly observed in the natural environment, our findings may not apply to all settings. Indeed, there may be other reasons why managers rely more or less on the planned path component of value than on the real options component of project value (e.g., implicit or explicit contracts, a culture that views abandonment as failure). Future research can shed more light on additional factors that affect managers' reliance on the real options component of project value and the interactions between those factors, and on other mechanisms that could encourage managers to incorporate real options into their decisions. For example, we note that perceptions of the riskiness of real options impacts resource allocation decisions, but we do not examine this deeply. Further work could examine the extent to which risk perceptions impede economically beneficial decision making in this setting, and what, if any, mechanisms firms could use to address this issue. Second, we made particular design choices to maintain tight experimental control, but our setting is necessarily simplified. Further work could investigate the extent to which our results hold, and why, in other settings. Third, we do not claim to know the "optimal" weight that should be placed on the real options component of project value in long-term investment decisions, and thus we cannot conclude whether higher or lower reliance on the real options component relative to the planned path component leads to higher or lower quality decisions. As such, it is left to future work to identify conditions under which aggregating or disaggregating the planned path and real options components of value is more appropriate.
Conclusion
This study conducts two experiments examining how the real options component of project value, when it is explicitly calculated and provided, affects supervising managers' judgments about funding long-term investment projects. We find that supervising managers rely more on the planned path component than on the real options component of project value, at least in part because they perceive the planned path component of value as more accurate than the real options component of value. Furthermore, we find that supervising managers' reliance on the real options component of value in their funding decisions can be influenced by aggregating or disaggregating the components of project value in a financial summary of subordinates' long-term investment proposals. Notes:
* Across all participants in Experiments 1 and 2, there are no differences in reported characteristics (all p > 0.05, two-tailed) except that participants in Experiment 1 reported less familiarity with the decisions in their task than did participants in Experiment 2 (p < 0.05, two-tailed). Table 2 . KnowDiff represents participants' differential knowledge of DCF and real options valuation, and is measured using self-reported knowledge of DCF valuation less self-reported knowledge of real options valuation (with responses on an 11-point Likert scale anchored by 0 = Not at all knowledgeable and 10 = Extremely knowledgeable). RelAccuracy represents participants' assessments of the relative accuracy of planned path and real options DCF values using an 11-point scale anchored by 0 = Only estimates for the planned implementation path were accurate and 10 = Only the estimates for the real options were accurate. Table 5 documents support for lower reliance on real options due to differences in the perception of accuracy, consistent with Experiment 1. To expand our evidence to include the reasoning underlying H2, we examine whether Aggregation affects participants' perceived relative accuracy of real options values. We expect that judgments of the relative accuracy of real options are associated with whether planned path and real options values are aggregated or disaggregated in a financial summary of subordinates' projects. See Figure 3 for a diagram of this process. † Participants assessed the relative accuracy of planned path and real options DCF values using an 11-point scale anchored by 0=Only estimates for the planned implementation path were accurate and 10=Only the estimates for the real options were accurate. ‡ Participants observed background information and estimates of the discounted cash flows for two long-term investment projects proposed by two separate divisions, Division A1 and Division B2. Division A1's project had higher (lower) planned path (real options) values than Division B2's project, but the total values were the same. Participants observed the planned path and real options values either aggregated together or disaggregated from each other in the proposal. § The p-value for Aggregation is one-tailed; other p-values are two-tailed.
#
GradStatus controls for any effects of participants' degree status on the funding decision, and is coded 0 or 1 for undergraduate or graduate participants, respectively. ** KnowDiff controls for participants' differential knowledge of DCF and real options valuation, and is measured using self-reported knowledge of DCF valuation less self-reported knowledge of real options valuation (with responses on an 11-point Likert scale anchored by 0=Not at all knowledgeable and 10=Extremely knowledgeable). Consumer Reports provided an independent rating of a product prototype, using a scale which can range from 0 to 100 (where higher values represent a better product).
3
The Herfindahl-Hirschman (HHI) rating of the level of competition in the product's market, which can range from 0 to 10,000. Lower values of the HHI indicate that there are more firms selling similar products, while higher values of the HHI indicate that there are fewer firms selling similar products. The U.S. Department of Justice considers a market with an HHI of less than 1,000 to be competitive (i.e., many firms selling similar products); with an HHI of 1,000 to 1,800 to be moderately concentrated (i.e., a moderate number of firms selling similar products); and with an HHI of 1,800 or greater to be highly concentrated (i.e., a monopoly over the product market).
Notes:
* We counterbalanced the proportion of total value from real options. Half the participants received projects for which the proportion of total value from real options was less than one-third (as in this exhibit); the other half received projects for which the proportion was more than two-thirds (not shown). As such, discounted values for the planned path and the real options were switched for each of the 20 projects across these counterbalanced conditions, but all other information, including Consumer Reports and HHI ratings, were the same.
Exhibit 2 Experiment 2 -Information about proposed projects provided to participants and aggregation manipulation * Project Proposals from A1 Division and B2 Division
The head of A1 Division proposes to begin development on a new digital video recorder (DVR). This product is similar to a product already manufactured by A1 Division, except that it is smaller and has a larger memory capacity. The discounted value of this project if all goes as planned is $11,000,000. In addition, the R&D department is currently perfecting technology that would allow users to record more channels simultaneously. If the technology is perfected before development begins, management could choose to add the feature if market conditions warrant the addition. The head of A1 Division believes there is a 10% chance this could happen. The overall discounted value of this project including real options is $12,000,000.
The head of B2 Division proposes to begin development on a new MP3 player. This product is similar to a product already manufactured by B2 Division, except that it is smaller and has a larger memory capacity. The discounted value of this project if all goes as planned is $8,000,000. In addition, the R&D department is currently perfecting technology that would allow wireless downloads of music from a music service directly to the MP3 player. If the technology is perfected before development begins, management could choose to add the feature if market conditions warrant the addition. The head of B2 Division believes there is a 10% chance this could happen. The overall discounted value of this project including real options is $12,000,000.
Summary Financial Information for Proposals
The division heads have provided the following summary financial information for your review. † 
